Distribution of Schmallenberg virus and seroprevalence in Belgian sheep and goats by Méroc, E et al.
ORIGINAL ARTICLE
Distribution of Schmallenberg Virus and Seroprevalence in
Belgian Sheep and Goats
E. Meroc1,*, N. De Regge2,*, F. Riocreux1, A. B. Caij2, T. van den Berg2 and Y. van der Stede1,3
1 Veterinary and Agrochemical Research Centre, Coordination of Veterinary Diagnostics Epidemiology and Risk Analysis, Brussels, Belgium
2 Veterinary and Agrochemical Research Centre, Operational Directorate Viral Diseases, Brussels, Belgium
3 Laboratory of Immunology, Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium
Keywords:
Schmallenberg virus; seroprevalence; spatial
cluster; ELISA; sheep
Correspondence:
E. Meroc. Veterinary and Agrochemical
Research Centre, Groeselenberg 99, B-1180
Brussels, Belgium.
Tel.: +32 2 379 04 61;
Fax: +32 2 379 06 70;
E-mail: estelle.meroc@coda-cerva.be
*These two authors contributed equally to
the study.
Received for publication July 20, 2012
doi:10.1111/tbed.12050
Summary
A serological survey to detect Schmallenberg virus (SBV)-specific antibodies by
ELISA was organized in the Belgian sheep population to study the seroprevalence
at the end of the epidemic. One thousand eighty-two sheep samples which were
collected from 83 herds all over Belgium between November 2011 and April 2012
were tested. The overall within-herd seroprevalence and the intraclass correlation
coefficient were estimated at 84.31% (95% CI: 84.19–84.43) and 0.34, respectively.
The overall between-herd seroprevalence was 98.03% (95% CI: 97.86–98.18). A
spatial cluster analysis identified a cluster of six farms with significantly lower
within-herd seroprevalence in the south of Belgium compared with the rest of the
population (P = 0.04). It was shown that seroprevalence was associated to flock
density and that the latter explained the presence of the spatial cluster. Addition-
ally, 142 goat samples from eight different herds were tested for SBV-specific anti-
bodies. The within-herd seroprevalence in goats was estimated at 40.68% (95%
CI: 23.57–60.4%). The results of the current study provided evidence that almost
every Belgian sheep herd has been in contact with SBV during 2011 and should be
taken into consideration as part of comprehensive SBV surveillance and control
strategies.
Introduction
At the end of summer 2011, an unidentified disease
appeared in adult cattle in several farms located in Ger-
many and the Netherlands (ProMED-Mail, 2011b). The
animals showed non-specific acute symptoms [milk drop,
watery diarrhoea and hyperthermia (>40°C)] and recov-
ered after a few days. The Friedrich Loeffler Institute (FLI,
Germany) conducted a metagenomic analysis in cattle
blood samples and identified a new virus phylogenetically
closely related to viruses of the Simbu serogroup of the
genus Orthobunyavirus of the family Bunyaviridae (Hoff-
mann et al., 2012). This virus was shown to be responsible
for the above-mentioned symptoms and was named after
the place in Germany it was first identified: the Schmallen-
berg virus (SBV; Hoffmann et al., 2012; Muskens et al.,
2012). Several viruses from the Simbu serogroup such as
Shamonda, Akabane and Aino viruses are known to be ter-
atogenic for ruminants when infected during a vulnerable
period during gestation and may lead to abortion or con-
genital malformation (Yanase et al., 2012). In line with this,
it was observed that starting from December 2011, cattle,
sheep and goats in Germany and the Netherlands suffered
from abortions and stillborn malformed offspring with
signs including hydranencephaly and arthrogryposis. Real-
time reverse transcription PCR (RT-qPCR) was made
available by the FLI and was used to analyse SBV suspected
animals (Hoffmann et al., 2012). Thus far, most SBV cases
have been confirmed in Belgium, France, Germany, the
Netherlands and the United Kingdom, and more sporadic
cases were confirmed in Italy, Luxembourg, Spain, Switzer-
land, Denmark and Sweden (EFSA, 2012). In Belgium, the
first reports of malformation in newborn lambs occurred
mid-December 2011 and were confirmed by RT-qPCR in a
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farm from the North of the country located near the Dutch
border (ProMED-Mail, 2011a). At the end of August 2012,
SBV had been detected by RT-qPCR in 407 cattle holdings,
167 sheep holdings and two goat holdings in Belgium.
The viruses from the Simbu serogroup are all arthropod-
borne viruses mainly transmitted between animals via
Culicoides spp. and Culex mosquitoes (WHO, 1961;
Takahashi et al., 1968; Yanase et al., 2005). The detection
of SBV in pools of heads of Culicoides obsoletus sensu stricto
and Culicoides dewulfi captured in Belgium during the per-
iod September–October 2011 (ProMED-Mail, 2012; De
Regge et al., 2012) suggests a role of Culicoides in the trans-
mission of SBV. So far, only transplacental and arthropod-
borne transmissions have been described for SBV and there
is no evidence that the virus could be transmitted horizon-
tally (EFSA, 2012). Considering that SBV seems to be
spread by Culicoides, it can be assumed that in Northern
Europe it will be seasonally dependent and the important
question at the moment is to know if a new wave of viral
circulation could be expected in 2012 during the period of
activity of Culicoides. Knowledge about the immunological
anti-SBV status in the host population that has been
acquired during the first circulation period in 2011 is
needed to address this question as it could largely influence
the outcome of a possible new appearance of the virus. Se-
roprevalence surveys in affected countries are therefore
essential to estimate the real impact of SBV infection in
2011 and help to predict the potential further spread of the
disease. In this context, a serological survey was conducted
in the Belgian small ruminant population to investigate the
situation at the end of the first wave of the SBV epidemics.
Material and Methods
Sampling design
The SBV sampling frame consisted of serum samples ini-
tially collected from sheep and goats in the context of the
Maedi-Visna and Caprine Arthritis and Encephalitis Pro-
gramme for trade certification (Royal Decree 24-03-1993).
This programme works on a voluntary basis. After applying
for the accreditation scheme, two samplings are carried out
in the flock at a time interval of 6–12 months. All animals
older than 1 year are sampled. All samples collected
between 4 November 2011 and 4 April 2012 were included
in this study.
Diagnostic methods
Blood samples were collected by farm veterinarians. Blood
samples were conditioned, and serum was collected at the
regional laboratories in Belgium: ‘Dierengezondheidszorg
Vlaanderen’ and the ‘Association Regionale de Sante et
d’Identification Animales’. The serum samples were
subsequently sent to the Veterinary and Agrochemical
Research Centre (CODA-CERVA) where they were tested
for the presence of SBV-specific antibodies using a commer-
cially available ELISA kit (ID Screen® Schmallenberg virus
Indirect ELISA kit, Montpellier, France). The validation of
the test conducted by the manufacturer, using serum sam-
ples originating from France and Germany, demonstrated a
relative sensitivity of 96.47% (95% CI: 93.43–98.13%) and
specificity of 99.75% (95% CI: 99.26–99.92%; IDVET,
2012). Results were expressed as S/P percentage using the
optical densities (OD) from the ELISA reader (S/P
% = ODsample/ODpositive control 9 100). A cut-off prescribed
by the manufacturer was used to assign the samples into a
category (positive, negative and doubtful). Samples that pre-
sented an S/P lower or equal to 60%, between 60 and 70%
and >70% were, respectively, considered as negative, doubt-
ful and positive. In this study, the doubtful results were con-
sidered as positive in the data analysis.
Seroprevalence
The sampling design of the study implied a hierarchical
structure of the data, with animals typically clustered
within flocks. Therefore, a marginal model, the general-
ized estimating equations (Liang and Zeger, 1986),
which takes into account the resulting correlation among
animals, was used to estimate the within-herd seropreva-
lence with 95% confidence intervals. In this study, an
exchangeable working correlation was assumed. The
xtgee procedure in STATA® software version 10.0 was
applied to fit the model. The within-herd seroprevalence
estimates of the positive sheep flocks were plotted as a
density-scale histogram.
A generalized linear mixed model with normally distrib-
uted random intercepts for each flock ui ~ Normal (0, r
2;
Molenberghs and Verbeke, 2005) was then used to establish
the correlation between the infection status of two animals
within a flock. The gllamm procedure was applied to esti-
mate the intraclass correlation coefficient (ICC):
ICC ¼ r
2
r2 þ p2=3
Between-herd seroprevalence (probability that a flock
was infected) was estimated using a logistic regression
model with the logit function. For the purpose of this
study, a flock was considered as positive if at least one of
the animals sampled was positive, otherwise it was consid-
ered negative.
Design effect was taken into account by weighting each
observation by the inverse of the sampling probability
(number of flocks sampled per province/number of flocks
per province and number of animals sampled per flock/
number of animals per flock).
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Spatial analyses
To predict within-herd seroprevalence for unmeasured
locations in Belgium, an interpolation from the data points
was performed by the method of inverse distance weighting
based on the six nearest neighbours (Shepard, 1968; ESRI,
1996). A map showing the distribution of within-herd sero-
prevalence estimates was produced using ARCGIS, version
9.3.1 (ESRI).
A purely spatial weighted normal model was used to scan
for clusters of sampled flocks with either high or low levels
of within-herd seroprevalence. In short, this is done by
using a variable circular window size and noting the num-
ber of observed and expected observations inside the win-
dow at each location. The model tests the null hypothesis
that seroprevalence is homogeneously distributed among
the flocks (no clusters of flocks with unusually high or low
seroprevalence). The method uses a likelihood ratio test to
identify clusters. To test the significance of this likelihood,
1000 Monte Carlo simulations were performed to obtain its
distribution, and clusters with P-value < 0.05 were consid-
ered as statistically significant. Flock density by municipal-
ity was calculated using census data and farm X and Y
coordinates extracted from the central identification and
registration system of the Belgian Federal Agency for the
Safety of the Food Chain (SANITEL). Subsequently, we
conducted the spatial analysis adjusting for flock density to
investigate for the existence of clusters after taking into
account this potentially explanatory variable. To do so, the
residuals obtained after fitting a univariable linear regres-
sion model with flock density as covariate were used as
observed values instead as the original within-herd preva-
lence estimates. In addition, the Spearman’s rank correla-
tion coefficient was estimated to investigate the correlation
between within-herd seroprevalence and flock density. All
calculations were made using SATSCAN 8.2.1. (Kulldorff,
1997) and STATA® software version 10.0.
Results
Seroprevalence
A total of 1082 sheep from 83 flocks were sampled
between 4 November 2011 and 4 April 2012. The number
of sampled animals per flock ranged from 2 to 110
(median = 8). The geographical localization of the sam-
pled flocks is shown in Fig. 1. The within-herd seropreva-
lence and the ICC in sheep were estimated at 84.31%
(95% CI: 84.19–84.43) and 0.34, respectively. In the sero-
positive flocks (at least one animal detected seropositive),
the predicted value for within-herd seroprevalence ranged
from 38.6% to 96.71% (median = 89.28%; Fig. 2). The
between-herd seroprevalence in sheep was 98.03% (95%
CI: 97.86–98.18).
In addition, 142 goats from eight flocks were also sam-
pled during the same period (Fig. 1). The within-herd
seroprevalence was estimated at 40.68% (95% CI: 23.57–
60.4%) for goats.
Spatial analyses
Figure 3 illustrates the geographical distribution of within-
herd seroprevalence with interpolated predictions for
Fig. 1. Sheep and goat flocks sampled for Schmallenberg virus (SBV) in Belgium between 4 November 2011 and 4 April 2012 and flock density
(sheep and goat) at the municipality level.
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unmeasured points. The prevalence is globally high (80–
90%) and evenly distributed across the country. The
regions where seroprevalence was the highest were those
located in the north-west of Belgium. The levels of within-
herd seroprevalence were low in the south-eastern part of
the country, and a significant spatial cluster of six farms
was identified in that region. The mean seroprevalence in
this cluster was 59.5% and outside the cluster 84.87%
(P = 0.04; Fig. 3). Another spatial cluster of 32 farms in
the western part of Belgium had, on the other hand, a
higher mean seroprevalence observed (87.94%) than
expected (79.86%), but was not significant (P = 0.08).
Ovine flock density at the municipality level ranges from 0
to 8 flocks/km². The spatial cluster scanning was conducted
again, taking flock density into account, and no significant
cluster was detected. A statistically significant Spearman’s
rho of 0.25 (P = 0.02) was obtained, indicating a moderate
positive association between within-herd seroprevalence
and flock density.
Discussion
The results of this survey demonstrated that the SBV
seroprevalence in sheep was extremely high in winter 2011–
2012. Schmallenberg virus seems to have circulated all over
Belgium during the 2011 vector season as the between-herd
seroprevalence was almost 100%. The interpolation of
within-herd seroprevalence estimates showed a high level
of infection all over the territory. Within the positive flocks,
seroprevalence ranged from 38.6% to 96.71%, but the great
majority of the flocks (70%) had a seroprevalence above
80%. An ICC of 0.34 was found, indicating that the correla-
tion between two animals within a flock with respect to
SBV result was high. The ICC of a livestock infectious dis-
ease is usually <0.2 and ranges from 0.04 to 0.42 (Otte and
Gumm, 1997). From a screening among Dutch dairy cattle
by virus neutralization, a seroprevalence on animal level of
72.5% was found (Elbers et al., 2012). The first preliminary
results of studies from other affected countries also showed
a high seroprevalence with results from Germany and
France at animal level ranging from 61 to 100% in cattle
(EFSA, 2012).
The regions where seroprevalence was the highest were
those located in the north-east of Belgium corresponding
to areas with high sheep density. Indeed, the results of this
study demonstrated that the geographical pattern of sero-
prevalence was dependent on that factor. The existence of a
spatial cluster with low seroprevalence seems to be linked
to the fact that flock density in this part of the country is
very low and may result in a smaller virus reservoir in the
environment and, consequently, a weaker risk to dissemi-
nate the infectious disease by the vector, compared with
high-density regions. It should be noticed that the pre-
dicted seroprevalence in the south of Belgium results from
an interpolation of sparser data compared with other areas,
and this will eventually have an impact on the confidence
intervals of the predictions.
The sampling was performed on a voluntary basis, and
the interested owners were those who practise trade. There-
fore, the flocks that were sampled may have had some par-
ticular features in their management, size, etc. This type of
sampling obviously presents opportunity risk of selection
bias, which must be accounted for when considering the
results of the study. It seems also important to mention
that sample size in the screening was limited to available
samples and that a lack in number of observations will
inevitably lead to less precise estimations. However, per-
taining to sheep, the number of animals sampled per flock
seems reasonable, given that the median size of Belgian
flocks is 4 and that a median number of eight animals were
sampled. At the flock level, expecting a high between-herd
seroprevalence (90–95%), a sample size of 73–139 flocks
would be required to reach a desired confidence level of
95% and accepted error of 5%. Thus, the 1082 sheep from
83 flocks analysed in this study seem suitable to give rea-
sonable estimates of seroprevalence in Belgium. Moreover,
representativeness is obtained as the sampled flocks were
well distributed within the 10 Belgian provinces, and the
sampling probability of each animal and farm was taken
into account in the analysis by weighting observed values.
The current screening was not able to give very precise
estimates for the goat population, as pointed out by the
considerably large confidence interval, but gives an indica-
tion that the infection level in this species might be lower
than it is in sheep and cattle. This would mean that a con-
siderable portion of the goat population remains suscepti-
ble and may be sufficient to maintain the infection in
Belgium during the following transmission season.
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Fig. 2. Density-scale histogram of within-herd seroprevalence esti-
mates (%) in Belgian sheep flocks positive to Schmallenberg virus (SBV).
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Our results show that there is a high discrepancy between
the number of flocks in which the presence of SBV was
confirmed by rRT-PCR [167 (0.6% of the total flock popu-
lation in Belgium)] and the number of flocks that have
been infected with the virus based on the serological results.
The first factor to explain this difference could be under-
reporting. This can be expected when dealing with a new
virus for which farmers and animal health professionals are
completely unfamiliar. Moreover, SBV is not a notifiable
disease in Belgium, and there is no obligation to report
infections to the authorities. The second factor is related to
the absence of symptoms in adult sheep. Thus far, the dis-
ease has only been observed in lambs after vertical trans-
mission. Indeed, if the ewe was contaminated before or
after the vulnerable period during gestation, the infection
would have passed unnoticed. The exact vulnerable period
in sheep is currently being investigated, but in reference to
other viruses of the Simbu serogroup, should last more or
less 3 weeks (Hashinguchi et al., 1979; Steukers et al.,
2012). Finally, a third factor is the absence of virus in some
lambs despite clinical suspicion indicating a possible clear-
ance of the virus before birth.
It is interesting to note that despite a shorter viraemia
(Hoffmann et al., 2012), SBV has spread much faster than
bluetongue virus serotype 8 (BTV-8) did, after its emer-
gence in the same region 5 years ago (Elbers et al., 2008;
Meroc et al., 2008). Several possibilities can be suggested to
try and explain this difference of dissemination between the
two Culicoides-transmitted viruses: (i) additional routes of
transmission exist for SBV, (ii) the host range of SBV is
not limited to ruminants, (iii) the infectious dose and the
competence of Culicoides for transmitting the two viruses
are not similar (Kirkland, 2012), (iv) Schmallenberg virus
was already present in Belgium prior to 2011, and (v) no
legal measures such as live animal standstill were taken for
SBV as it was the case for BTV-8. Although some of those
hypotheses have already been investigated, more research is
still necessary to elucidate clearly which of those should be
retained.
In conclusion, the results of this study provided evidence
that almost every Belgian sheep herd has been at one point
in contact with SBV. Thus, if we extrapolate from other
viruses from the Simbu group like the Akabane virus,
which is the most well-known species of the serogroup, this
means that the vast majority of sheep could by now have
acquired natural protective immunity against SBV which
may last for a few years (Anonymous, 2008; Steukers et al.,
2012). Therefore, it seems probable that even if the virus
overwinters, regions with high seroprevalence such as Bel-
gium should not experience a similar epidemic in 2012–
2013 and that only animals located in areas that are still free
of SBV could in turn become infected, just as lambs after
the waning of maternally derived antibody. Regions neigh-
bouring affected areas are probably the most at risk for
virus circulation, especially as Culicoides from the obsoletus
group, the identified vectors of SBV are present in most
European countries except northern parts of Norway and
Sweden (EFSA, 2012). Nevertheless, even in highly immu-
nized livestock, because of all newborn animals, part of the
host population will continuously remain susceptible. For
these different reasons, the cluster identified in the south of
Belgium with lower seroprevalence than the rest of the
Fig. 3. Geographical distribution of Schmallenberg virus (SBV) within-herd seroprevalence in Belgian sheep flocks and spatial cluster for low within-
herd seroprevalence.
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country should be prioritized in the context of future sur-
veillance actions. In Australia, Akabane disease is controlled
by acting on herd management, for instance by moving
susceptible animals into endemic areas in time to develop
immunity before they are first bred (Kirkland, 2012).
The findings presented in this study should be taken into
consideration as part of comprehensive SBV surveillance
strategy. It is important to underline the paramount need
to answer specific questions such as the duration of post-
infection protective immunity and the exact host range,
especially, as the emergence of exotic and newly identified
arthropod-borne pathogens seems to happen more and
more frequently in recent years.
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